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second barriers and is caused to ?ow upwardly through 
the openings of the barriers with the formation of water 
jets extending upwardly from the openings. In opera 
tion the solids of the feed slurry are separated into 
coarse, ?ne and intermediate or middling fractions. The 
invention includes both apparatus and a method of op 
eration. 

11 Claims, 4 Drawing Sheets 
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HYDRAULIC SEPARATING APPARATUS AND 
METHOD 

RELATED APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 820,675 ?led Jan. 21, 1986 now aban 
doned. 

This invention relates generally to hydraulic separat 
ing apparatus and methods for the separation of solids of 
different settling velocities from a feed slurry. It is appli 
cable to effecting a separation that provides an over 
?ow fraction containing solids of low settling velocities, 
an under?ow fraction containing solids of relatively 
greater settling velocity, and a middling fraction con 
taining solids having settling rates intermediate the set 
tling rates of solids in the over?ow and under?ow frac 
tions. 

BACKGROUND OF THE INVENTION 

Various apparatus and methods have been used to 
hydraulically separate slurries containing solids of dif 
ferent settling rates into several fractions. For example, 
U.S. Pat. No. 4,539,103, Sept. 3, 1985, granted to appli 
cant, discloses a hydraulic separator suitable, for exam 
ple, for the sizing of aqueous slurries containing solids 
differing in size and settling velocities, such as sand. The 
apparatus is characterized by a tank into which feed 
slurry is iintroduced tangentially to provide swirling of 
the material in the tank. The lower portion of the tank 
is provided with an annular barrier in the form of a 
perforated constriction plate and the upper end of the 
tank forms an over?ow weir. De?ecting means in the 
form of a cone is mounted upon the constriction plate 
and serves to de?ect solids moving downwardly 
toward the space immediately above the annular con 
striction plate. Means is also provided for introducing 
elutriation water into the space below the constriction 
plate. An under?ow is removed from the region imme 
diately above the constriction plate. Such apparatus 
functions efficiently for sizing and separating operations 
where over?ow and under?ow fractions are desired. 

U.S. Pat. No. 3,308,951, Mar. 14, 1967, discloses ap 
paratus which is stated to be capable of separating hy 
drous slurry into over?ow, under?ow and middling 
fractions. FIG. 2 of the patent discloses a tank structure 
made into aligned upper and lower parts, the lower part 
being provided with two constriction plates. Feed 
slurry is introduced into the upper tank part, and an 
over?ow of ?ne product is removed from the upper 
part. The coarser solids progress downwardly through 
a cylindrical column to the lower part, where two frac 
tions accumulate above the constriction plates, one 
consisting of coarse solids, and the other of solids of 
intermediate size. Siphoning pipes are used to remove 
the fractions accumulating above the constriction 
plates. Such apparatus and its method of operation, are 
subject to a number of operating disadvantages. The 
removal of solids by siphoning pipes tends to be critical 
with respect to control, particularly when the solids 
content of the feed slurry is subject to variations or the 
rate with which the slurry is introduced is subject to 
changes. Also siphoning pipes are subject to clogging. 

U.S. Pat. No. 1,449,603 issued Mar. 27, 1923 discloses 
an apparatus and method for separating the particles of 
a slurry into three fractions having particles differing in 
settling velocities, but of the same particle size. Three 
concentric tank sections 5, 7 andrl3 are employed to 
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2 
provide draw-off of particles differing in settling veloci 
ties. The heavier particles progress to the lower end of 
each section 7 and 13 and the lightest particles dis 
charge as an over?ow from the upper section 13. The 
feed slurry is ?rst processed to reduce the solid particles 
to a common size and then introduced into the lower 
most tank section 5. From thence material progresses to 
the upper tank section 13 from which the particles of 
lowest specific gravity are removed in an over?ow. 
Each tank section 7 and 13 at its lower end has an annu 
lar portion with holes 9 and 13 that receive separated 
particles of greatest speci?c gravity that are caused to 
settle in the main quiescent body of the corresponding 
chamber of the tank section. Water is introduced up 
wardly through these holes to maintain upward pro 
gression of lighter particles to the upper end of the tank 
section. The separating action takes place in the quies 
cent chambers A, B and E. 

In general there is a demand for a high capacity appa 
ratus and method capable of operating upon various 
feed slurries, which provides for the withdrawal of an 
intermediate or middling fraction, which is lacking in 
criticality and other operating dif?culties. 

OBJECTS OF THE INVENTION AND 
SUMMARY 

In general it is an object of the invention to provide a 
I separating apparatus and method which is relatively 
simple in construction and operation, and which pro 
vides for the removal of a middling fraction. 
Another object is to provide such an apparatus and 

method which is lacking in criticality, particularly with 
respect to changes in the character and rate of feed 
slurry. 
Another object is to provide an apparatus and 

method which makes possible the removal of a middling 
fraction in addition to the over?ow and under?ow 
fractions, and which makes use of what may be termed 
a velocity plate feature for carrying out the main sepa 
rating operations. 
Another object is to provide apparatus that is rela 

tively compact for its capacity and is economical with 
respect to energy consumption. 

In general, the apparatus of the invention consists of 
an upright tank structure which is circular in horizontal 
section. The structure includes vertically aligned first 
and second tank parts, the second part having a diame 
ter substantially greater than the ?rst part. The upper 
end of the ?rst tank part is open to the interior of the 
second tank part at a level intermediate the upper and 
lower portions of the second tank part. The interiors of 
the two tank parts form ?rst and second processing 
chambers. Means is provided for introducing aqueous 
feed slurry tangentially into the ?rst chamber whereby 
material within the chamber swirls about the vertical 
axis. A ?rst velocity barrier plate having holes there 
through is interposed between the upper and lower 
portions of the ?rst chamber. A second annular velocity 
plate barrier having holes therethrough is disposed be 
tween the side walls of the ?rst and second tank parts at 
a level below the upper end of the first tank part. Means 
are provided for introducing water into the spaces 
below each of the ?rst and second barriers whereby 
water is caused to ?ow upwardly through the holes of 
both barriers. The upper open end of the ?rst tank part 
forms a weir over which ?ow of slurry occurs between 
the two tank parts. Means is provided for removing a 
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middling slurry fraction from the lower portion of the 
second tank part. Also means are provided for remov 
ing an underflow slurry of solids of greater settling 
velocity from the lower portion of the ?rst tank part, 
and for removing an over?ow fraction containing solids 
of low settling velocities from the upper end of the 
second tank part. The invention also includes the 
method of operation of the apparatus to provide a sepa 
rated middling fraction in addition to over?ow and 
under?ow fractions. 

Additional objects and features of the ivention will 
appear from the following description in which the 
preferred embodiments are set forth in detail in con 
junction with the accompanying drawing. 

FIG. 1 is a side elevation in section schematically 
illustrating apparatus incorporating the present inven 
tion. 
FIGS. 2 and 3 are details illustrating the construction 

of a slide valve for controlling the rate of introduction 
of slurry, FIG. 3 being taken on the section line 4—-4 of 
FIG. 2. 
FIG. 4 is a detail in section schematically illustrating 

the separating action and eddy currents obtained by 
utilizing the velocity plate feature. 
FIG. 5 is a side elevation in section schematically 

showing another embodiment of the invention. 
FIG. 6 is a side elevation in section schematically 

showing another embodiment. 

DETAIL DESCRIPTION 

FIG. 1 of the drawing illustrates an upright tank 
structure 10 consisting of the two tank parts 10a and 10b 
that are disposed on a common vertical axis. The con 
struction is such that in horizontal section, the two tank 
parts are circular. In the embodiment of the drawing 
both tank parts are cylindrical. Pipe 11 connects tangen 
tially with the tank part 100 and serves to introduce feed 
slurry. A slide valve 12, which will be later described in 
detail, can be used to control the rate of introduction of 
feed slurry. The top of the tank part 10b forms an over 
?ow weir 13, whereby the overflow fraction is col 
lected in the launder 14, and discharged through the 
pipe 16. ' 

The lower portion of the tank part 10a is provided 
with an annular barrier plate 17, which is of the velocity 
plate type as disclosed and claimed in my co-pending 
US. patent application Ser. No. 027,170 ?led Mar. 17, 
1987. The inner periphery of the annular barrier plate 17 
serves to mount the de?ecting cone 18. The space 19 
below the annular barrier 17 is supplied with velocity 
water introduced through the pipe 20. It is preferable 
that this pipe connect with the space 19 tangentially. 
This serves to ensure good distribution of water to the 
holes 17a in the barrier 17. 
The lower portion of the tank part 10b is likewise 

provided with an annular barrier plate 22 having holes 
22a and which is of the velocity type. This barrier ex 
tends radially between the side walls of the tank parts 
100 and 10b. The space 23 below the barrier 22 receives 
water by way of pipe 24. Here again it is preferable that 
pipe 24 connect tangentially with the space 23 to obtain 
good distribution. The upper end of the tank part 100 
terminates intermediate the barrier 22 and the top of the 
tank part 10b, and is freely open to the interior of the 
tank part 10b. Thus material is free to flow over the 
upper edge of the tank part 10a. The lower end of tank 
part 10a is shown provided with a valve controlled pipe 
26 through which underflow is removed. Likewise a 
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4 
valve controlled pipe 27 connects with the space 23 at 
the bottom of tank part 1017, and serves to remove a 
middling fraction. 
As indicated above, each of the barriers 17 and 22 

make use of a so-called velocity feature in effecting 
separation between solids having different settling ve- - 
locities. Referring to barrier 17, it consists of a plate 
(FIG. 4) provided with a series of holes 17a that are 
distributed circumferentially between the inner and 
outer perimeters of the plate, and which may be formed 
as shown in FIG. 4. In this instance each hole 17a is 
formed by a ?tting 25, which is ?xed within the barrier 
and which may be made of suitable molded plastic ma 
terial. Water discharging from each such hole is sche 
matically visualized in FIG. 4 as producing a jet-like 
stream 25a of water that extends upwardly from the 
barrier and is inclined by the swirling movement of 
material above the plate. 
The barrier 22 is likewise of the velocity type, water 

introduced into the space 23 likewise jets upwardly 
through the holes 22a of the barrier 22, thus effecting a 
secondary separation whereby solid particles of inter 
mediate settling rate are separated from solid particles 
of lower settling rate, and are withdrawn as a middling 
product through pipe 27. The particles of lower settling 
rate progress upwardly from the barrier 22 and are 
caused to overflow into the launder 14. 
The space 31 in the tank part 10a above the barrier 17 

may be referred to as a primary sizing or processing 
chamber. Likewise the space 32 above the barrier 22 
and between the walls of the tank parts 10a and 10b, and 
also the space above the upper end of the tank part 10a, 
may be referred to as a secondary sizing or processing 
chamber 32. The term sizing is used when solid particles 
of the feed slurry vary in settling velocities due entirely 
or in part to differences in size. Thus, assuming use of 
such feed material, the under?ow removed from space 
19 through the pipe 26 consists of the relatively coarse 
granules of the slurry. The over?ow being removed 
from the launder 14 consists of relatively ?ne solid 
particles. The middling product removed from space 23 
through pipe 27 consists mainly of particles of interme 
diate size. 
The slide valve 12 can be constructed as shown in 

FIGS. 2 and 3. It consists of a curved plate 33 which 
forms a flow control gate, and which is adjustably 
mounted on the inner surface of the side wall of the tank 
wall part 10a, whereby its position can be adjusted with 
respect to the opening 34 at the end of the pipe 11. Plate 
33 has a plurality of slots 35 which accommodates the 
studs or bolts 36 that clamp the plate in a desired ad 
justed position. Feed slurry may be introduced by way 
of pipe 11 at a constant gravity head, in which event 
adjustment of plate 33 serves to adjust the rate of intro 
duction into chamber 32. If the feed is pumped through 
pipe 12, adjustment of the plate 33 controls the velocity 
at which feed is introduced. 
The apparatus and method described above have a 

number of advantageous features. Separation of the 
solids by use of the velocity feature provides an appara 
tus and method which is relatively stable and which 
accommodates changes in the feed slurry. Changes in 
solids content and changes in the rate of introduction of 
the slurry are readily accommodated and do not require 
frequent control adjustments. The feed slurry can be 
introduced under a relatively low gravity head, and the 
rate of introduction can be controlled for optimum 
operation by adjusting the slide valve 12. Products can 
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be removed through the pipes 62 and 65 either continu 
ously or intermittently, with continuous operation of 
the separating action. Swirling of material in the prim 
rary sizing chamber 31 causes swirling movement of the 
slurry in the region adjacent the upper side of the bar 
rier 17, and serves to carry particles into active contact 
with the jetting water thus insuring effective separating 
action. Swirling within the chamber 31 induces swirling 
movement in the secondary chamber 32 whereby move 
ment of material in the region adjacent the upper side of 
barrier 22 likewise carries particles into the active sepa 
rating action of the water jets. 
The overall method of operation is as follows. It is 

assumed that the feed slurry contains solids varying in 
settling velocities, and which are to be processed to 
produce an over?ow containing solids of low settling 
rate, an under?ow containing solids of relatively fast 
settling rate, and a middling fraction containing solids 
of intermediate settling rate. The slurry as supplied to 
tank part 100 causes swirling movement in the primary 
chamber 31 and induces some swirling movement in the 
secondary chamber 32. Under?ow solids progress 
downwardly through the water jetting through the 
holes 17a of barrier 17 and are removed from space 19. 
The remaining solids progress upwardly through cham 
ber 31 and exit from the top of chamber 31 into the 
secondary chamber 32. Some of this material, including 
solids of intermediate settling rate, progress as shown 
by the arrows in FIG. 1 over the upper end of tank part 
10a and then downwardly toward the barrier 22 where 
it is acted upon by the water jets to separate solids of the 
desired middling character from the solids of lower 
settling rate. The latter solids, together with solids of 
comparable character that progress upwardly from the 
primary chamber 31, progress upwardly and are dis 
charged over weir 13 as an over?ow. 
Although the upward ?ow through each hole of the 

plate 17 may be less than the settling rate of the coarse, 
heavier particles, in practice the upward ?ow is sub 
stantially greater than the settling velocity of the 
heavier particles. This is attributed to the functioning of 
the velocity barrier plates which involves establishment 
and maintenance of eddy currents as schematically 
shown in FIG. 4. It has been found that with a feed 
slurry such as natural sand, effective use of eddy cur 
rents is obtained when each of the holes in the barrier 
are proportioned substantially as shown in FIG. 4 (e. g., 
3 inch diameter hole, i inch in length), with the amount 
of water flowing through each hole from the space 
below the plate at a flow rate that is substantially 
greater than the settling rate of the under?ow particles. 
This is deemed to be due to eddy currents produced in 
the individual holes of the barrier. Tests have been 
made using a laboratory model made of transparent 
plastic material which permits visual observation of 
solid particles moving through each hole of the barrier 
plate when operating under such conditions. An eddy 
current was observed within each hole and heavier 
particles were carried into the hole and delivered from 
the lower end of the hole. The form of the eddy cur 
rents, as viewed through the periphery of the circular 
barrier plate and looking toward the central axis of the 
tank, was such as to create a pronounced eddy in which 
water surged upwardly along one side of the hole from 
the lower to the upper side of the barrier plate and 
downwardly on the other side of the hole. This is sche 
matically shown in FIG. 4. The upper ends of the side 
portions 280 and 28b of each eddy are shown connected 
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by portions 290, and the lower ends of the side portions 
are connected by portions 29b. 
The ?ow path of the eddy appears to be oval, and is 

a continuous ?owing stream which sweeps upwardly 
and downwardly past diametrically opposite side sur 
faces of the hole and across upper and lower ends of the 
hole. Particles in the region immediately above the 
barrier plate, which consist mainly of coarse or heavier 
particles with a minor portion of the ?ne material, are 
drawn into the eddy, progressed downwardly in the 
downwardly ?owing eddy portion 28b and then dis 
charged from the eddy into the space below the barrier. 
A minor portion of ?ner material is carried into the 
eddy and is returned to the upper side of the barrier 
plate by portion 280. The swirling movement of slurry 
above the barrier, appears to supply energy to maintain 
the eddy action. Swirling movement of the water below 
the barrier plate is likewise deemed to contribute energy 
to maintain the eddy currents. Water sweeping across 
one or both ends of a hole due to the adjacent swirling 
action appears to react against side surfaces of the hole, 
thus contributing to maintenance of the eddy current. 
As indicated in FIG. 4, the eddy current is in an oval 
path about an axis that is radial to the vertical axis of the 
tank. The upward jet-like discharge from the plate is 
inclined due to the swirling action above the plate. 
Concurrent swirling action both below and above the 
plate is deemed preferable for optimum results. 
To utilize the eddy effect to best advantage, certain 

dimensions and operating conditions are required. The 
ratio between hole diameter and length should be 
within certain limits, and the amount of water ?owing 
through the holes from the space below the barrier 
should be such as to cause water to pass upwardly 
through the holes at a rate which is substantially greater 
than the settling velocity of the under?ow solids. The 
swirling movent of the material in the upper tank sec 
tion 10a provides some preliminary separation by grav 
ity settling. It is believed that the static pressure within 
the eddy is sufficiently low to induce heavier particles 
from the jet to enter the eddy, and that the velocity of 
the eddying water is such that the heavier particles are 
carried through the hole and discharged into the space 
below the barrier plate. Assuming that the feed slurry is 
a natural sand, the ratio of hole diameter to hole length 
can be within the range of about 1 to 0.8, to 1 to 1.8 with 
holes having a diameter ranging from 5 to 1% inches. 
The settling velocity. of the under?ow solids in a typical 
instance may be about 17 feet per minute, and the 
amount of water passing upwardly through each of the 
holes may be within a range of about'0.2 to 10 gallons 
per minute, which provides an upward ?ow rate of 
from 8 to 43 feet per minute. These ?gures may vary 
somewhat for optimum results, depending upon the 
varying “screen” analysis of the feed. 
The functioning of eddy currents in conjunction with 

a velocity plate barrier is disclosed in my co-pending 
U.S. patent application Ser. No. 820,625 ?led Jan. 21, 
1987. In the present instant both velocity plate barriers, 
each utilizing eddy currents, cooperate to produce the 
three separate fractions, and the ?ow through the holes 
of each plate are adjusted for optimum operation. With 
respect to the lower plate 17 the upward ?ow through 
each hole is adjusted by the rate of introduction of 
water by way of pipe 20. With respect to the plate 22, 
the upward ?ow is adjusted by the rate water is intro 
duced through pipe 24. 
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Good sharp separations are obtained with operation 
as described above. Some preliminary separation by 
gravity settling takes place in the upper tank part 10a. 
The heavier particles are acted upon by the jetting 
water above the barrier and then by the eddies that 
deliver the heavier particles into the space below the 
barrier. A minimum amount of ?ner particles that ac 
company the under?ow particles into the holes are 
cycled back by the eddies into the space overlaying the 
barrier plate. The kinetic energy that maintains the 
eddies is deemed to be derived from the swirling action 
above and below the barrier plate. Some gravity settling 
separation commences in chamber 31 immediately fol 
lowing tangential introduction of the feed slurry and 
continues as the over?ow ?nes progress upwardly and 
as under?ow material progresses downwardly toward 
the barrier plate. 
The same method of operation described above for 

plate 17 is employed in the functioning of plate 22. Here 
again the holes are so proportioned and the flow rate 
through each hole of plate 22 so controlled as to pro 
duce the eddy current and separating method described 
above for plate 17, as shown schematically in FIG. 4. 
When operating in this manner, relatively high capacity 
can be attained with compact equipment that is rela 
tively insensitive to variations such as changes in the 
feed rate, in the solids content of the feed, or in the 
relative amounts of solids having different settling ve 
locities. A feature of the invention is that it does not 
depend upon the maintenance of a teeter zone in each of 
the chambers 31 and 32 for effective separating action, 
although some gravity separation may take place in 
regions of the chambers 31 and 32 above the plates 17 
and 22. The swirling action of the slurry and water in 
tank chambers 31 and 32 promotes effective separation 
by the jetting and eddy current action, because it causes 
continuous motion about the axis of the tank in the 
region above the barrier plate where the jetting action is 
effective. Swirling motion also aids in carrying particles 
of the slurry into the active regions of the jetting water 
and eddy currents. 
The embodiment of FIG. 5 makes use of the velocity 

plate and eddy current features as in FIG. 1. However, 
the under?ow is withdrawn from the lower end of the 
larger tank part and the middling fraction is withdrawn 
from the lower end of the smaller tank part. Thus the 
tank construction 60 consists of the tank parts 60a and 
60b. The upper end of the tank part 60a is formed to 
provide the over?ow weir 13, the launder 14 and over 
?ow discharge pipe 16. The annular barrier 61 is of the 
velocity plate type and extends between the side walls 
of tank parts 60a and 60b. Valve controlled pipe 62 at 
the lower end of tank part 60a serves to remove under 
?ow material. The smaller tank part 60b is disposed 
entirely within part 60a and is freely open at its upper 
end 63. It is shown secured to the inner perimeter of the 
annular barrier 61. It has a circular barrier 64 which 
likewise is of the velocity type. A valve controlled pipe 
65 connects with the lower end 66 of tank part 60b and 
serves to remove a middling or intermediate fraction. 
Feed slurry is introduced into the annular region 

between the two tank parts 60a and 60b by way of the 
tangential pipe 67. The rate of discharge of slurry can be 
controlled by the slide valve 68 which may be con 
structed as shown in FIGS. 3 and 4. Valve controlled 
pipes 69 and 71 which connect with the lower ends of 
tank parts 60b and 600, preferably tangentially, serve to 
supply velocity water under pressure to the openings in 
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the barriers 64 and 61. The’ holes in the barrier plate are 
proportioned and the upward rate of ?ow through each 
opening is adjusted for optimum operation with forma 
tion and maintenance of eddy currents. 
The method of operation of the embodiment of FIG. 

5 is as follows. Feed slurry is supplied to pipe 67 and the 
primary processing chamber 74 at a constant gravity 
head, whereby a swirling body of material is main 
tained. The pressure of water supplied to the space 73 
below plate barrier 61 is controlled whereby the ?ow 
rate of water ?owing upwardly through the holes and 
jetting upwardly from the barrier 61, establish and 
maintain eddy currents as previously described. The 
separated under?ow fraction is removed through the 
pipe 62. The other fractions progress upwardly in 
chamber 74. Solids of intermediate settling velocities 
progress from chamber 74 into the upper portion of 
chamber 600 and into the secondary processing cham 
ber 72. The pressure of water ?owing into the space 
below barrier 64 by way of pipe 69 is controlled 
whereby the velocity of water ?owing upwardly 
through the holes of the barrier and jetting upwardly 
from the barrier, is substantially greater than the settling 
velocity of the intermediate solids and are generally 
?ner in size. Thus a secondary separation takes place 
whereby an intermediate ‘or middling fraction is re 
moved by way of pipe 65 and ?ne under?ow solids are 
caused to progress upwardly to join the over?ow mate 
rial ?owing over the weir 13. 

In practice the apparatus and method can be con 
trolled to produce separate fractions of the desired 
character from a particular feed slurry, and to adapt the 
method to slurries differing in their solid content and 
component settling velocities. For example, the rate of 
introduction of feed slurry may be controlled and also 
the rate of introduction of elutriation or velocity water. 
As explained above, with the embodiment of FIG. 5 

flow occurs from the tank part 60a into the tank part 
60b. The embodiment of FIG. 6 is similar in construc 
tion to FIG. 5, except that the feed pipe 76 introduces 
the feed slurry tangentially into the tank part 60b under 
the control of slide valve 77. The barriers 61 and 64 
function as velocity plates with formation and mainte 
nance of eddy currents. Velocity water is introduced 
through pipes 69 and 71. When operated as just de 
scribed, the chamber 72 is the primary prccessing cham 
ber, and 74 is the secondary processing chamber. Flow 
occurs from chamber 72 into chamber ‘74 as indicated 
by the arrows. The middling fraction is removed 
through pipe 62, the under?ow through pipe 65 and the 
overflow through pipe 16. 
What is claimed is: 
1. Apparatus for processing aqueous slurries to pro 

duce separate fractions containing solids differing in 
settling velocities, comprising: 

(a) an upright tank structure that is circular in hori 
zontal section, the structure including aligned ?rst 
and second tank parts, the second tank part having 
a diameter substantially greater than the ?rst tank 
part, the upper end of the ?rst tank part being 
freely open to the interior of the second tank part at 
a level intermediate the upper and lower portions 
of the second tank part, the interiors of the first and 
second tank parts forming ?rst and second process 
ing chambers respectively; 

(b) means for introducing aqueous feed slurry tangen 
tially into the ?rst processing chamber whereby 
material in the ?rst chamber is caused to swirl 
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about the vertical axis of the ?rst processing cham 
ber; 

(c) a ?rst barrier plate interposed between upper and 
lower portions of the ?rst tank part chamber and 
below said means for tangentially introducing feed 
slurry, said ?rst barrier having holes therer 
through; 

(d) a second annular barrier plate having holes there 
through and disposed between the sidewalls of the 
?rst and second tank parts at a level below the 
upper end of the ?rst tank part and interposed 
between upper and lower portions of the second 
tank part at a level above said ?rst barrier; 

(e) means for introducing water into the spaces below 
each of the ?rst and second barrier plates to cause 
water to ?ow upwardly through the holes of both 
barrier plates and to form jets of water extending 
above the holes, the upper end of the second tank 
part forming an over?ow weir for discharge of 
slurry having solids of relatively low settling ve 
locity; 

(1) means for removing a middling slurry fraction 
from the lower portions of the second tank part; 
and 

(g) means for removing an under?ow slurry of solids 
of greater settling velocity from the lower portion 
of the ?rst tank part; 

(h) the upper open end of the ?rst tank part forming 
means for unobstructed swirling flow from the ?rst 
tank part into the second tank part, thereby induc 
ing swirling in the second tank part. 

2. Apparatus as in claim 1 in which the ?rst barrier is 
annular in con?guration, and in which a substantially 
conical shaped de?ector is positioned within the ?rst 
chamber with the periphery of its base disposed at the 
inner periphery of the ?rst barrier. 

3. Apparatus as in claim 1 in which the means for 
introducing water into the space below the second bar 
rier is disposed to introduce the water tangentially 
whereby swirling movement is imparted to the water 
below the second barrier. 

4. Apparatus as in claim 1 in which the means for 
introducing water into the space below the ?rst barrier 
is disposed to introduce the water tangentially whereby 
swirling movement is imparted to water below the ?rst 
barrier. 

5. A hydraulic separating method for processing 
aqueous slurries to produce separate fractions contain 
ing solids differing in settling velocities, the method 
making use of apparatus comprising an upright tank 
structure having ?rst and second tank parts aligned on 
a common vertical axis and forming ?rst and second 
processing chambers, both tank parts being circular in 
horizontal section, the second tank part having a diame 
ter substantailly greater than the ?rst tank part, the ?rst 

‘ tank part having an unobstructed upper open end within 
the second tank part, the method comprising: 

(a) introducing a feed slurry containing solids differ 
ing in settling velocities tangentially into the ?rst 
processing chamber of the ?rst tank part, thereby 
causing swirling of slurry in the ?rst processing 
chamber; ’ 

(b) introducing water at a controlled rate into a 
closed space below a ?rst barrier plate having holes 
therethrough and disposed between upper and 
lower portions of the ?rst tank part, whereby water 
is caused to ?ow upwardly through the holes in the 
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10 
?rst barrier plate and to jet from the upper side of 
the barrier plate into the ?rst processing chamber; 

(0) introducing water at a controlled rate into the 
space below a second barrier plate having holes 
therethrough and disposed between upper and 
lower portions of the second tank part, whereby 
water is caused to ?ow upwardly through the holes 
in the second barrier, and; 

(d) removing an under?ow of separated solids of 
greater settling velocity from the lower portion of 
the ?rst tank part, said solids being delivered 
downwardly from the holes of the ?rst barrier; 

(e) removing middling solids of intermediate settling 
rate from the lower portion of the second tank part, 
said solids being delivered downwardly from the 
holes of the second barrier; 

(f) removing an over?ow of solids of relatively low 
settling velocity at the upper end of the second 
tank part, said over?ow comprising ?ne solids 
caused to progress upwardly into the upper part of 
the second processing chamber from the upper end 
of the ?rst processing chamer and also from that ' 
portion of the second processing chamber between 
the walls of the ?rst and the second tank parts; and 

(g) swirling of slurry in the processing chamber of the 
?rst tank part to induce swirling in the second tank 
part. 

6. A hydraulic separating method for processing 
aqueous slurries to produce separate fractions contain 
ing solids differing in settling velocities, the method 
making use of apparatus comprising an upright tank 
structure having ?rst and second tank parts aligned on 
a common vertical axis and forming ?rst and second 
processing chambers, both tank parts being circular in 
horizontal section, the second tank part having a diame 
ter substantially greater than the ?rst tank part, the ?rst 
tank part having an upper open end within the second 
tank part, said method comprising: 

(a) introducing a feed slurry containing solids differ 
ing in settling velocities tangentially into the ?rst 
processing chamber of the ?rst tank part, thereby 
causing swirling of slurry in the first processing 
chamber; 

(b) introducing water at a controlled rate into the 
space below a ?rst barrier plate having holes there 
through and disposed between upper and lower 
portions of the ?rst tank part, whereby water flows 
upwardly through the holes of the ?rst barrier 
plate and to jet from the upper side of the barrier 
plate into the ?rst processing chamber; 

(0) introducing water at a controlled rate into the 
space below a second barrier plate having holes 
therethrough and disposed between upper and 
lower portions of the second tank part, whereby 
water ?ows upwardly through the holes in the 
second barrier; 

(d) causing ?ow of water through each hole of the 
barrier plate to establish and maintain eddy cur 
rents within the space of each hole whereby parti 
cles of greater settling rate progress through the 
holes of the ?rst barrier and particles of lower 
settling rate progresss upwardly from the holes and 
delivered from the upper portion of the ?rst tank 
part and into the second tank part; 

(e) removing an underflow of separated solids of 
greater settling velocity from the lower portion of 
the ?rst tank part; 
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(f) causing ?ow of water through each hole of the 
second barrier and causing such flow to establish 
and mantain eddy currents within the space of each 
hole whereby particles of greater settling rate 
progress through the holes to provide a middling 
fraction and particles of lower settling rate 
progress upwardly from the holes; 

(g) removing the solids of intermediate settling veloc 
ity from the lower portion of the second tank part 
below the second barrier plate; 

(h) removing an over?ow of solids of relatively low 
settling velocity at the upper end of the second 
tank part, said over?ow comprising solids progres 
sing into the upper part of the second processing 
chamber from the upper end of the ?rst progres 
sing chamber and from that portion of the second 
processing chamber between the walls of the ?rst 
and the second tank parts. 

7. A method as in claim 6 in which water is caused to 
?ow through each of the barrier holes at a rate such that 
there is jetting of water extending upwardly from the 
holes. 

8. A method as in claim 6 in which water is intro 
duced into the space below the ?rst barrier tangentaally 
to cause swirling movement of the water before ?owing 
upwardly through the openings in the ?rst barrier. 

9. A method as in claim 6 in which water is intro 
duced into the space below the second barrier tangen 
tially whereby the water below said bsrrier is caused to 
swirl about the axis of the second tank part before being 
discharged upwardly through the openings in the sec 
ond barrier plate. 

10. A hydraulic separating method for processing 
aqueous slurries to produce separate fractions contain 
ing solid particles differing in settling velocities, the 
method making use of apparatus comprising an upright 
tank structure having ?rst and second tank parts aligned 
on a common vertical axis, both parts being circular in 
horizontal section, the second tank part having a diame 
ter substantially greater than the ?rst tank part, the ?rst 
tank part having an upper open end, the second tank 
part having an over?ow weir at is upper end, the 
method comprising: 
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12 
(a) introducing a feed slurry containing solids differ 

ing in settling rates tangentially into the ?rst tank 
Part; 

(b) introducing water at a controlled rate into the 
space below a ?rst barrier having holes there 
through and disposed between upper and lower 
portions of the ?rst tank part, the rate of introduc 
tion being such that water is discharged upwardly 
through each of the holes in the ?rst barrier at a 
rate such that the solids of greatest settling rate are 
caused to progress through the holes in the ?rst 
barrier plate and the solids of lesser settling rate are 
caused to progress upwardly and to be delivered 
from the upper end of the ?rst tank part; 

(c) introducing water at a controlled rate into the 
space below a second barrier in the lower portion 
of the second tank part and having holes there 
through, the rate of introduction of water being 
such that water is discharged upwardly through 
each of the holes in the second barrier at a rate such 
that solids of intermediate settling rate are caused 
to progress through the openings of the seocnd 
barrier and into the space below the second barrier, 
the solids of lower settling rate being caused to 
progress upwardly and mixed with the material 
discharged from the upper end of the second tank 
part as an over?ow; 

(d) removing an under?ow of solids of greatest set 
tling velocity from the space below the ?rst bar 
rier; and 

(e) removing middling solids of intermediate settling 
velocity from the space below the second barrier; 
and 

(f) removing an overflow of solids of relatively low 
settling rate from the upper portion of the second 
tank part. 

11. The method as in claim 10 in which each of the 
holes in the barriers and the rate of ?ow of water up 
wardly through the same are so proportioned whereby 
eddies are formed and maintained in each hole, the 
upward rate of ?ow of water through the holes being 
substantially greater than the settling velocity of the 
heavier particles, the eddies serving to promote separa 
tion of particles of differing settling velocities. 
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